Absfruct --The paper describes a dual-band miniaturized printed monopole for integration in modem wireless systems. The printed monopole is augmented with two arms, resonant at slightly different frequencies, providing a broadened response for the upper band. The achieved bandwidth for the high band is 36%. These antennas are proposed for the emerging dual-mode multi-band WLAN transceivers, which operate over a wide range of bands as dictated by national authorities. hleasured and simulated data including return loss, antenna gain and radiation patterns are presented. The numerical method employed was the finite integration technique. 
INTRODUCTION
Many innovative wireless systems arc currently developing in frequency bands that have been set aside by national authorities for licence free use. The two key bands in Europe being the 2.4 to 2. These provide about 700-800 MHz which is slightly narrow and may be prone to tolerance problems, when IOW cost substrates are used. FR4 is commonly used because of its low cost, but this substrate suffers badly with lack of stability of permittivity and loss tangent with frequency [2] .
ANTENNA GEOMETRY
The antenna geometry and coordinate system is shown in Figure 1 
MEASUREMENTS A N D SIMULATION
The measured return loss was greater than 10 dB from 2.15-2.75 GHz and from 4.55-5.91 GHz which is shown in Figure  2 . The simulated response, carried out using finite integration [3] , is in reasonable agreement. The resonances for each of the monopole arms were found using this technique and were 4.87 GHz and 5.5 GHz for the long and short arms respectively. (see Figure 3) --Simulated -Measured 
RADIATION PATTERNS
The measured radiation pattems are normalised to maximum gain and are illustrated in Figure 4 . The maximum gain was found to be 3.1 dBi and 2.8 dBi at 2.45 and 5 GHz respectively. Numerical analysis determined the radiation efficiency to be 80 % and 76 %. The reduction in maximum gain by using this low-cost laminatc compared to low-loss laminate is about 0.8 dB (2.45 GHz) and 1.4 dB (5.2 GHz), but the increased substrate losses contribute significantly to the enhanced bandwidth.
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CONCLUSIONS
Dual-band printed monopoles with enhanced bandwidth can be realised by adding stagger-tuned arms to the printed monopole. A 36 % fractional impedance bandwidth is obtained for the upper band which is sufficient to cover all wireless bands as dictated by different national authorities.
